Background: Pyogenic granuloma is a frequently diagnosed, benign vascular lesion.
P
YOGENIC GRANULOMA is a frequentlydiagnosed,benignvascularlesion.Possibletreatment methods are excision, curettage, cryotherapy, chemical and electric cauterization, and the use of lasers. [1] [2] [3] [4] [5] The argon laser has long been used to treat pyogenic granuloma, but its use may be associated with an increased risk of scarring. 6 In one case, a large gingival pyogenic granuloma was removed with a continuous-wave (CW) Nd:YAG laser. 5 There are several reports about the use of the pulsed dye laser, 3, 7, 8 although it has only been successfully used in removing very small granulomas; several treatment sessions were necessary in most cases. 8, 9 In the past few years, the CW carbon dioxide (CO 2 ) laser has proved to be an effective treatment option. 10 Its use permits rapid, minimally invasive surgical treatment, but the nonspecific coagulation may lead to scars.
In 1997, we first reported the successful combined use of CW and pulsed CO 2 lasers in a retrospective pilot study 10 that involved 13 patients. The CW laser was used to coagulate the lesion, and the pulsed CO 2 laser to treat the base carefully; the correct use of the latter permits the skin to heal with minimal scarring. These positive results and the simplicity of the method encouraged us to evaluate it further and carry out the present prospective study with 100 patients.
RESULTS
The pyogenic granuloma was removed completely in 1 session without recurrence in 98 patients; recurrence was observed in only 2 patients. There were no visible scars in 88 cases, and slight textural changes were observed in 10. Small atrophic scars were documented in 2 cases, and hypertrophic scars or keloids did not occur at all.
Sixty-three patients found the treatment results very satisfactory; 37, satisfactory; and none said that it was unsatisfactory. In terms of patient response to the healing process, the reactions were quite similar: 41 found it very satisfactory; 59%, satisfactory; and none, unsatisfactory. In our evaluation, the answers "satisfied" and "very satisfied" were taken as an indication that the operation was successful and appreciated by the patient. Therefore, we had 100% patient satisfaction. The difference between "satisfied" and "very satisfied" was only gradual and perhaps based on different patient expectations.
The healing process (defined as re-formation of the epidermal integrity after disappearance of the crusts) lasted up to 1 week in 52 patients, up to 2 weeks in 41, and up to 3 weeks in 7. No hypopigmentation or hyperpigmentation was observed in 88 cases; transient hypopigmentation or hyperpigmentation occurred in 12 (lasting up to 6 months). No permanent hypopigmentation or hyperpigmentation occurred. In 62 cases, the erythema had disappeared after 6 weeks. For the remaining 38, the erythema had resolved before the second follow-up examination (total duration under 6 months). On average, the erythema persisted for 3.5 weeks. Permanent erythema was not observed. A summary of the results is given in Table 2 . Figures 1, 2 , and 3, show pretreatment and posttreatment status for 3 typical patients.
COMMENT
So far, surgical excision or electrocoagulation has been considered the standard treatment of pyogenic granuloma. 2 However, because of the remaining scars, exci- 
PATIENTS AND METHODS
In a prospective study conducted between March 1998 and July 2000, we used the CO 2 laser (10 600 nm) (UltraPulse 5000 C; Coherent Inc, Palo Alto, Calif) to treat 100 patients (57 female and 43 male) with pyogenic granuloma (Table 1) . Their age ranged between 6 months and 84 years (mean, 26.8 years; median, 24.9 years). The laser was first used in continuous mode (power, 15 W; focused handpiece with variable spot size of 1.5-3.0 mm) and then in pulsed mode (pulse length, 0.6-0.9 milliseconds; fluence, 500 mJ/pulse), with the same handpiece. Prior to laser therapy, intracutaneous local anesthetic (1% lidocaine [1% Xylocaine; AstraZeneca GmbH, Wedel, Germany]) was administered in 98 cases; a brief general anesthesia was selected for the treatment of 2 children. Postoperative erosions and the crusting that occurred after some days were treated with iodine ointment.
In 58 cases, the granulomas were localized on the face (cheek, 18; lips, 12; tongue, 1; and other, 27); in 17 cases, on the fingers; and in 25 cases, elsewhere on the integument. The diameter of the lesions measured less than 0.3 cm in 23 cases, 0.3 to 0.6 cm in 64 cases, and greater than 0.6 cm in 13 cases. In 5 cases the granulomas had occurred as an adverse effect of a prior laser treatment of port-wine stains (4 after treatment with pulsed dye laser, 1 after argon laser treatment). In 4 cases the granulomas were recurrences after excisions carried out in other surgeries. A summary of the demographic data is given in Table 1 .
The study design comprised a 1-treatment session with 6-week and 6-month follow-up examinations and evaluations conducted by 3 independent physicians who were not involved in the study as well as by the patients (or their parents). In this context, the following data and scales were used by the patients: satisfaction with the result (0, very satisfied; 1, satisfied; 2, not satisfied), healing process (0, very satisfied; 1, satisfied; 2, not satisfied). The evaluating physicians used the following data and scales: duration of healing (data given in weeks), recurrence (Boolean value), hypopigmentation or hyperpigmentation (0, none; 1, transient hypopigmentation or hyperpigmentation; 2, permanent hypopigmentation or hyperpigmentation), scars (0, no visible scars; 1, slight textural changes of the skin; 2, atrophic scars; 3, hypertrophic scars; 4, keloids), erythema (0, none; 1, transient; 2, permanent), duration of erythema (weeks). Photographic documentation was done at the beginning and at the end of the study (EOS100 sion is a suboptimal form of therapy, especially since the lesions often occur in exposed places such as the face or fingers. Bleeding can also complicate the operation process, especially in huge granulomas or if the excision is close to the lesion. The use of the pulsed dye laser can yield excellent cosmetic results, although several treatment sessions are necessary. 1, 9, 11 Owing to its limited penetration depth, this kind of laser can only be used to treat small granulomas. Tay et al 9 showed that a successful treatment is possible only with granulomas of a diameter smaller than 5 mm. Using the pulsed dye laser, we could remove only lesions with a maximum diameter of 2.5 mm successfully. There are reports about the induction of pyogenic granuloma due to the use of the dye laser, potassiumtitanyl-phosphate-Nd:YAG laser, and argon laser, as well as by cryosurgery. [12] [13] [14] [15] [16] [17] [18] The etiological data of our study confirms this observation for the dye and argon lasers. Any laser therapy should only be done if it is certain that the lesion is benign. If there is any doubt, conventional surgical methods or laser treatment should be used only with histological confirmation.
The CO 2 laser emits radiation with a wavelength of 10600 nm, which is absorbed by the water in biological structures. The laser energy destroys the integrity of the cellular structure by quickly heating and vaporizing the intracellular liquid. Target structures such as pigmentation or vascularization are of no importance for the CO 2 laser, 19, 20 which is unlike other kinds of lasers such as the Q-switched ruby laser or the pulsed dye laser. There is a certain risk of scars due to the unspecific coagulation in the continuous mode.
In case reports 21 and in our pilot study, 10 the use of the CW CO 2 laser has proved to be an effective method to treat pyogenic granuloma. Kirschner and Low 22 described the combined use of shaving and photocoagulation with pulsed dye laser. Here, the advantage of the histological confirmation must be balanced against the increased risk of bleeding, which, in our experience, may not be well controlled by dye laser irradiation, especially in deep or large granulomas.
For some years now, pulsed (Ͻ1 millisecond) CO 2 lasers have been used in addition to the CW CO 2 laser in dermatology and plastic surgery. The pulse length of these lasers is 600 to 900 µs and is shorter than the thermal relaxation time of the epidermal cells (695 to 950 microseconds); thus, thermal damage in the surrounding tissue can be neglected. When used correctly, the pulsed CO 2 laser makes it possible to remove very thin skin layers without leaving scars. 4, 19, 20, 23 The risk of scarring cannot be ruled out entirely because the basement membrane can be destroyed when several treatment passes are used. 24 In the present study, pyogenic granulomas were removed successfully with low rates of concomitant reactions or adverse effects; this was due to the combined use of continuous and pulsed mode of the CO 2 laser. The continuous mode leads to rapid and minimally invasive coagulation of the vascular lesion. This is, in principle, also possible with other coagulating lasers (eg, argon and CW Nd:YAG), but when it comes to the delicate task of removing the basis of the lesion, vaporization in pulsed mode has proved to be advantageous. Extremely thin skin layers can be removed, thus allowing differences in skin levels to be gently evened out. This can only be achieved with pulsed CO 2 lasers.
In contrast to the pulsed dye laser, only 1 treatment session with the CO 2 laser was necessary in 98% of the cases. It is indeed a problem to find the correct point to switch from continuous to pulsed mode. We used the continuous mode until the lesion was flattened down to its ground and there were only capillary bleedings left. Then we switched to pulsed mode. It is critical to go deep enough to remove the granuloma entirely; the 2 recurrences that occurred in our study were probably due to an incomplete or overcautious removal, and they disappeared permanently after another treatment session.
The CO 2 laser has advantages over common operative methods: treatment and convalescence take considerably less time. An experienced physician needs a maximum of 5 minutes for the operation, even for big granulomas. There is no wound to close and no suture material to trigger allergic or foreign body reactions. With the CO 2 laser, it is no problem to treat the sites of predilection, which are usually difficult to access and are located on exposed parts of the body such as the eyelids, fingers, or toe phalanges. The method can accommodate large lesions, and it is equally suitable for patients who tend to bleed heavily. We see the use of the combined CW/pulsed CO 2 laser as the treatment of choice for pyogenic granuloma because this kind of laser is widely available, produces excellent results with few adverse effects, is easy to use, yields low recurrence rates, and is well tolerated by most patients. 
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